feeding and its recovery on liver cytosolic alcohol dehydrogenase (ADH; alcohol: NAD + oxidoreductase, EC1.1.1.1) activities and plasma zinc levels in rats. The weaned male Sprague Dawley rats were ran-----recovery period were observed between both groups. Plasma zinc concentration in the recovery period was almost recovered to the control level. These results suggest that rat liver cytosolic ADH activity was clearly related to dietary zinc intake levels.
INTRODUCTION
Zinc is an ubiquitous trace element and indispensable to the growth and development of microorganisms, plants and animals (Stefanidou et al., 2006) . Zinc is found in all with 85% of the whole body zinc in muscle and bone, 11% in the skin and the liver and remaining in all the other tissues (Calesnick and Dinan, 1998) . The average amount of zinc in the adult human body is about 1.4-2.4 g zinc, while plasma zinc concentration is only 12-16 μmol in humans (Favier, 1992; Rink and Gabriel, 2000) . In the serum, zinc is predominantly bound to albumin (~60%, 2 minute portion of the total human body zinc (Rink and Gabriel, 2000; Someya et al., 2009) . However, this part is a minor pool, but highly mobile and physiologically important pool (Arsenault and Brown, 2003) . It is generally accepted that the recommended allowances of zinc are -day for pregnant women and lactating women (Dreosti, 1992; Rink and Gabriel, 2000; Someya et al., 2009) . On the other hand, zinc is an essential cofactor for many enzymes, including those that regulate the metabolism of ethanol and vitamin A in the liver (Brandt et al., 2009; Von Wartburg, 1989) . Alcohol dehydrogenase (ADH; alcohol: NAD + oxidoreductase, EC 1.1.1.1) is a metalloenzyme in which zinc acts as a prosthetic group and a stabilizer of the quarternary protein structure (Kambe et al., 2004; Stefanidou et al., 2006; Sultatos et al., 2004) . Although the exact physiological role of ADH is uncertain, it catalyzes the oxidation or the reduction of several physiological endogenous steroidal and nonsteroidal substrates, in addition to ethanol (Harada et al., 1998 (Harada et al., , 2000 Mezey et al., 1993; Von Wartburg, 1989) . Zinc is known to play an important role as catalytic, cocatalytic and structural factors for ADH (Brandt et al., 2009; Hammes-Schiffer and Benkovic, 2006; Someya et al., 2009; Vallee and Falchuk, 1993) . Although the linkage between the oxidation rate of ethanol and ADH activity in liver is related to dietary zinc levels, the relationship between liver ADH activity and plasma zinc levels is not systematically elucidated (Indo et al., 1985) . This question is of critical importance to the understanding of -ciency and its recovery on liver cytosolic ADH activities and plasma zinc concentrations in rats.
The experimental protocol is shown in Fig. 1 . Male 3-week-old Sprague Dawley rats (CLEA Japan, Tokyo, Japan) were prefed for 10 days to allow adaptation to new environment (Fig. 1) . The rats were randomly divided into the control diet group were fed with the control diet (zinc et al., 2009 ). In the groups were pair-fed with the control diet (Kawashima et al., 2006; Someya et al., 2009) . study were as follows: egg white (200.0), dextrinized corn starch (529.5), sucrose (100.0), cellulose (50.0), soybean bitartrate (2.5), and tert-butylhydroguinone (0.014). In the ZDF group diet, ZnCO 3 (mineral mixture) (Someya et al., 2009) . The concentration of zinc in the diets of both groups was determined with an atomic absorption frame spectrophotometry (Someya et al., 2009) . The rats were housed in cages at temperature between 23-25°C and a relative humidity of 50-60%. Lighting was had free access to food and water all the time. The body weight, and food intake and water intake were determined at 9:00-10:00 a.m. each day Imaizumi et al., 2010a Imaizumi et al., , 2010b Ohkaru et al., 2010; Someya et al., 2009) . ZDF and the control diet group were pair-fed for 4 weeks with the ZDF and the normal diet, respectively. In the recovery period, rats of two groups were pair-fed for 3 weeks with the normal diet. Down-arrow: Liver isolations, liver cytosolic fractionations, liver cytosolic ADH assays and plasma preparations were carried out.
All experiments were approved by the Animal Ethics Committee, Waseda University. This study was carried out in accordance with the "Guiding Principle for Sciences" of the Physiological Society of Japan (2004). The experiments were designed to minimize pain or discomfort for the animals (Kawashima et al., 2006; Someya et al., 2009) .
Rat liver cytosolic fractions were prepared by our routine methods Imaizumi, 1992, 1993) . The lobus hepatis sinistra lateralis of rat liver was used for cytosolic ADH activity and protein assays.
Liver cytosolic ADH activities were assayed by following NADH formation at 340 nm and 38°C. The reaction mixture was 2.5 ml and consisted of 60 mM glycine pyrophosphate buffer (pH 9.0), 80 mM semicarbazide, 12 mM GSH, 10mM ethanol, 2.8 mM NAD + , and 0.01 to 0.02 ml of the liver cytosol (Tachiyashiki and Imaizumi, 1992) . The rate of NADH formation in the absence of ethanol was subtracted as blank from the rate obtained in its presence. The ADH activities were then calculated from the -1 · cm -1 at 340 nm and was expressed as the amount of enzyme that produces 1 nmol NADH per min per mg of protein (Harada et al., 1998 (Harada et al., , 2000 . Liver cytosolic protein assays were carried out by the method of Lowry et al. (1951) .
The assays of plasma zinc concentrations were carried out by the Zn-Test Wako kit (Wako Pure Chem. Ind.
Multimode Detector, Beckman Coulter, Fullerton, CA, USA).
All data were expressed as means ± S.E. The differences between two groups were tested by a Student t-test p was < 0.05.
ly the increase of body weight. The body weight after the p < 0.001) lower in the ZDF group than in the control diet group (Fig. was 0.11 times (p < 0.001) lower in the ZDF group (10 weeks). On the contrary, the body weight in the recovery period was 0.82 times (p < 0.001) lower in the ZDF group than in the control diet group (Fig. 2A) . The weight gain Vol. 36 No. 1 in the recovery period was 1.22 times (p < 0.001) higher group than in the control diet group. Although data was p < 0.001) lower in the ZDF group (262 weeks). On the contrary, food intake and total food intake between two groups (Fig. 2B ).
ly lower in the ZDF group than in the control diet group p -ferences between two groups (Fig. 2C ).
As shown in Fig. 3 , zinc intake per day and total zinc intake were about 0.02 times (p < 0.001) markedly lower in the ZDF group than in the control diet group (Fig.  3A) . However, there were no significant differences in zinc intake per day and total zinc intake during the recovery period between both groups (Fig. 3B) . These results agreed with our previous observations (Kawashima et al., 2006; Someya et al., 2009 ).
-84% (p < 0.001), as compared with the control diet group after the recovery period was 1.23 times (p < 0.05) relaconcentrations were almost recovered to the normal lev- 
Vol. 36 No. 1 els in the recovery period.
As shown in Fig. 5 , zinc-deficiency increased clearly liver weight per body weight by 13% (p < 0.05), as compared with the control diet group. Liver weight per 1.11 times (p < 0.001) higher in the ZDF group than in the control group (Fig. 5A) . On the contrary, there were -recovery period between both groups (Fig. 5B ).
liver cytosolic ADH activity (Fig. 6B) and total liver cytosolic ADH activity per body weight (Fig. 6C ) by 50% (p p < 0.001) and 53% (p < 0.001), respectively, as compared with the control diet group. Howev-- (Fig. 6B) and total liver cytosolic ADH activity per body weight (Fig. 6C ) in the recovery period were observed between both groups.
DISCUSSION
ed by Indo et al., (1985) . However, there is a little information on the effects of dietary zinc-deficiency on the total liver cytosolic ADH activity and total liver cytosolic ADH activity per body weight. Therefore, the present study is an approach to these problems from nutritional physiological point of view.
We determined whether ADH activities of livPlasma zinc ( g/ml) Vol. 36 No. 1 er cytosolic fractions prepared in the present study are actually based on true class I ADH (Harada et al., 1998 (Harada et al., , 2000 . The class I ADH is known to account for the vast majority (about 96%) of total ADH in the rat liver (Canto et al., 1992; Cortese et al., 1994; Crabb et al., 1989; Mezey et al., 1993; Potter et al., 1992) . In the present study, therefore, an ADH inhibitor, pyrazole (5-20 mM) was added to the reaction mixture for the ADH assay, and the rate of NADH formation was measured (Harada et al., 1998; Potter et al., 1992) . The liver cytosolic ADH specific activities in the presence of excess pyrazole were comparable with those in the absence of ethanol (data not shown), suggesting that liver cytosolic ADH specific activities used in the present study are actually based from true class I ADH in liver cytosolic fraction.
ties, total ADH activity, and plasma zinc concentration without changing the relative cytosolic protein content per decrease actions in plasma zinc levels and liver cytosolic ADH activities were recovered to the normal levels in -ings suggest that liver cytosolic ADH activities depend on plasma zinc levels, and these responses are reversible.
It is generally accepted that zinc is essential to the functions of DNA polymerase and RNA polymerase and the activity of the transcriptional regulator family, zinc finger DNA binding proteins (Rink and Gabriel, 2000; Someya et al., 2009; Vallee and Falchuk, 1993; Zalewski et al., 2005) . These involvements in nucleic acid synthesis may be explained the depressive effects of dietary zincdeficiency on liver cytosolic ADH activity and plasma zinc concentration without changing the relative cytosolic protein content per body weight (Fig. 6) . Tapiero and Tew (2003) showed that zinc in multicellular organisms is intracellular, 40% is located in the nucleus, 50% is located in the cytoplasm, organelles and specialized vesicles and the remainder in the cell membrane. The potential importance of zinc to the gene can be appreciated from the fact that a great percentage of the zinc content of rat liver is found in the nucleus and a sigin vitro (Cousins, 1998) . Zinc is also involved in the processes of genetic stability and gene expression in a variety of ways including the structure of chromatin, the replication of DNA and transcription of RNA through the activity of transcription factors and RNA and DNA polymerases, as well as playing a role of DNA repair and programmed cell death (Falchuk, 1998) . Further, zinc is known to regulate both enzyme activity and the stability of the proteins as an activator or as an inhibitor ion (Brandt et al., 2009; Kawashima et al., 2006) .
These findings indicate that a long-period dietary zinc-deficiency induce clearly the dissociation of apoenzyme and free zinc ion from class I ADH enzyme and an amount of class I ADH enzyme is relatively reduced. Further, apo-ADH enzyme will rapidly breakdown, and free zinc ion may be removed from liver. On the contrary, supplementation may heighten the synthesis rate of class I ADH enzyme. In the present study, however, we did 
